The use of whey as a natural culture medium to produce hydrolysates with antimicrobial from Bacillus clausii is the objective of this research. The fermentation process was carried out at 25 C for five days, where proteolytic activity, soluble peptides quantification, and antimicrobial activity using the disc diffusion method were determined every day. The fermented whey reached values of proteolytic activity between 90 and 260 U ml À1 and a production of soluble peptides between 100 and 2070 mg ml
INTRODUCTION
The cultivation of microorganism is a process in which it is necessary to have a medium that provides all the nutritional requirements to develop, where they have a set of nutrients, growth factor, and other components. Different types of culture media vary according to the needs of microorganisms, but all must contain the nutrients necessary for growth (carbohydrates as a source of carbon, amino acids as a source of nitrogen, and phosphates required for the synthesis of phospholipids present in the bacterial cell membrane and the production of nucleic acids) and must be kept sterile until their use (Singh et al., 2017) .
Dairy whey is the aqueous phase separated from the curd in the cheese making process. In this process, an average of 10 l of milk are used to obtain 1 or 2 kg of 1 cheese and from 8 to 9 kg of whey is retrieved, depending on the amount of water used in the process. This by-product is considered as highly contaminated wastewater due to the high organic load it presents (Carvalho et al., 2013) . Therefore, the reduction of whey content could lead to a decrease in the organic load of the effluents (Corte´s-Sa´nchez et al., 2015; Thuy Pham et al., 2015) .
Whey proteins obtained after the cheese making process play an important nutritional role as a rich and balanced source of essential amino acids (Ibrain et al., 2005) . These proteins contain leucine, tryptophan, lysine, and sulfur amino acids. Therefore, they are of high biological value and with similar characteristics of egg proteins, without deficiencies in amino acids (Almeida et al., 2015) .
Different microorganisms have been used in the development of hydrolysates with nutraceutical properties from fermented whey using a Lactobacillus strain (Patel, 2015; Silve´rio et al., 2015) . Bacteria such as Lactobacillus have the ability to produce extracellular proteases in high amount. There are also other bacteria such as Bacillus clausii, which is a Gram-positive microorganism that is used as a probiotic and confers health benefits to the host when given in adequate amounts (Cutting et al., 2011; Urdaci et al., 2004) . However, there are not many reports about the antimicrobial activity of this species or the compounds responsible for this effect, despite it is used for the treatment of various intestinal infectious diseases suggesting the production of antibiotic compounds.
Microbial proteases, especially from Bacillus spp., have traditionally held the predominant share of the industrial enzyme market worldwide for the sale of enzymes that have major applications in detergent formulations (Singh and Bajaj, 2015) . In that sense, it is important to use this type of bacteria as a source of proteases able to break proteins to obtain hydrolysates with nutraceutical properties in the development of new products from dairy industry waste such as whey. The objective of this research was to evaluate the antimicrobial and antioxidant activity of protein hydrolysates in dairy whey used as a natural culture medium for B. clausii.
MATERIALS AND METHODS

Chemical and physicochemical determination of whey
The chemical composition (proteins, lipids, ashes) was evaluated using the official methods of AOAC (1999). pH value was determined using a calibrated digital pH Meter (HACH modelo Sension 3). Lactose content was carried out using a Mexican Standard (NMX-F-219, 1972) . Total soluble solids (TSS) were determined to 50 ml of whey which was dried with hot air in an oven at 90 C for 24 h. TSS were calculated according to equation (1) TSS % ð Þ ¼ Residue after drying g ð Þ Weight of sample g ð Þ Â 100 ð1Þ
Whey fermentation
Whey fermentation was carried out using a sweet whey collected from the cheese making process by a local producer in the city of Culiacan, Sinaloa, Mexico. B. clausii was obtained from a commercial product and cultured in trypticase soy agar (MCD Lab, Tlalnepantla, Mexico). Whey (1.5 l) was pasteurized (80 C/15 min) and separated into six batches of 100 ml. After that, each batch was inoculated with 1 ml of a suspension of 1 Â 10 6 CFU ml À1 of B. clausii. Fermentation was carried out for five days at 25 C using agitation at 50 r min À1 . Each inoculated batch corresponds to 0, 1st, 2nd, 3rd, 4th, and 5th day, respectively. The pH value was measured during the five days of fermentation and the colony count was performed by the spread plate method in standard methods agar. During the fermentation, samples were taken to determine soluble peptides, proteolytic activity, and evaluation of antimicrobial effect.
Proteolytic activity
Proteolytic activity was determined by the Kunitz (1947) test. 0.1 ml of sweet whey that corresponds to 0, 1st, 2nd, 3rd, 4th, and 5th day previously filtered (using acrodisc 0.45 mm of diameter) was mixed with 2 ml of 1% casein in a phosphate buffer (1Â) to pH 7 and incubated for 30 min at 37 C. After that, 3 ml of 5% trichloroacetic (TCA) acid (JT Baker, Mexico) was added to stop the reaction and incubate the mixture for 15 min at room temperature. The resultant solution was centrifuged at 6000 r min À1 /30 min. The absorbance was measured at 280 nm in a UV-Vis spectrophotometer (Optima plus, SP-3000 nano). A suitable control was run simultaneously, in which TCA was added before to the addition of enzyme solution. Proteolytic activity was recorded as units (U) ml À1 , where one unit of proteolytic activity was defined as that amount of enzyme that produces an absorbance value increasing of 0.001 absorbance units min À1 .
Soluble peptides quantification
Fermented whey that corresponds to 0, 1st, 2nd, 3rd, 4th, and 5th day was used for soluble peptides quantification. A sample aliquot of 15.5 ml was taken and mixed with equal volume of 12% (w/v) TCA to Food Science and Technology International 24 (1) precipitate proteins. The sample was centrifuged at 18,000 r min À1 for 15 min (Hermle Z206A, Germany). The recovered supernatant was refrigerated at 4 C and used for subsequent determinations.
The release of soluble peptides in the fermented whey was performed by the method reported by Gonza´lez-Olivares et al. (2011) . One milliliter of the supernatant previously filtered (using acrodisc 0.45 mm of diameter) of the fermented whey was mixed with 5 ml of a solution of sodium carbonate (2%), copper sulfate (1%), and sodium and potassium tartrate (2%) in 0.1 N NaOH; the mixture was incubated for 10 min in the dark at room temperature. Subsequently 0.5 ml of diluted Folin-Ciocalteu reagent 1:1 with distilled water (prepared when used) was added to the mixture and incubated 30 min in the dark. Absorbance was measured in a UV-Vis spectrophotometer (Optima plus, SP-3000 nano) at 590 nm. The standard curve (y ¼ 0.006 x þ 0.2652; R 2 ¼ 0.9862) was made from a solution of 500 mg ml À1 bovine serum albumin diluted to different concentrations (100, 200, 300, 400, 500 mg ml À1 ) to cover a range of 0-500 mg ml À1 .
Protein purification and separation by SDS-PAGE
Whey proteins were purified according to the methodology reported by Doadong and Yuxing (2010) with some modifications. Five milliliters of the fermented whey was taken and the pH was adjusted to 5.4 and centrifuged at 7000 r min À1 /10 min at 4 C. The supernatant was recovered and the pH of the sample was adjusted to 7.0, centrifuged at 7000 r min À1 /10 min at 4 C. Finally, the sample was passed through a GHP acrodisc ''45 mm of diameter''; the filtrate was recovered and placed in 2 ml Eppendorf tubes. The purified samples were stored and frozen (0 to À1 C). Proteins were separated by SDS-PAGE in a Protean II xi cell (Bio-Rad) with a 12.5% polyacrylamide gel (acrylamide/bisacrylamide, 29:1, w/w) and a Laemmli buffer system at 40 mA constant current per gel. The loading of samples in electrophoretic run was carried out mixing 20 ml of protein extracts of fermented whey and 10 ml of 3Â solution. Samples were run at 100 V the first 2 h, and then the voltage changes at 120 V for 5 h. Gels were stained with Coomassie blue R250.
Antioxidant activity
The antioxidant activity of whey hydrolysates was evaluated with the method of ABTS and DPPH radical scavenging. ABTS antiradical activity was determined using the protocol of Arnao et al. (2001) with some modifications. This assay results from the reaction of ABTS (7 mM) with potassium persulfate (2.5 mM). The solutions were mixed in equal amounts and incubated for 12 h at room temperature in dark. Then 1 ml of the mixture was diluted with 6 ml of ethanol until reaching the absorbance of 1.0 AE 0.02 at 748 nm. The whey hydrolysates (100 ml) were added to the ABTS radical (1900 ml) and incubated for 2 h at room temperature in dark.
DPPH assay was determined using the protocol of Brand-Williams et al. (1995) with some modifications. An aliquot of 50 ml of whey hydrolysates was mixed with 1950 ml of DPPH (60 mM in ethanol) and homogenized for 30 s. The scavenging of DPPH radical by whey hydrolysates was measured at 517 nm against the absorbance of the DPPH radical after 30 min. The percentage of DPPH and ABTS inhibition was calculated for the extracts according to equation (2) % Inhibition
Antimicrobial activity
The disc diffusion method was used to evaluate the antimicrobial activity against Salmonella Typhimurium (ATCC: 14028), Escherichia coli (ATCC: 25922), Shigella flexneri (ATCC: 12022), Staphylococcus aureus (ATCC: 25923), Listeria monocytogenes (ATCC: 7644), and Enterococcus faecalis (ATCC: 29212). Bacteria were grown in brain heart infusion (MCD Lab, Tlalnepantla, Mexico) at 37 C/ 24 h, from which an inoculum of each bacterium was adjusted to a concentration of 0.5 McFarland corresponding to 1 Â 10 8 CFU ml À1 . Fermented whey (10 ml per disc) at different days was used as antimicrobial treatment. The petri dishes with the inoculum and samples of fermented whey were incubated at 35 C/24 h. The antimicrobial activity was evident with the formation of transparent haloes around the discs, which indicated the inhibition of microbial growth (Wanger, 2007) . Measurements of inhibition haloes in millimeter were made using replicas per microorganism.
Statistical analysis
The results were analyzed by one-way analysis of variance. Then, treatments were compared through a multiple range test of Tukey with a significance level of 5%.
RESULTS AND DISCUSSION
Chemical and physicochemical properties of whey Whey represents a natural culture medium that can be used for the B. clausii growth. Table 1 shows some chemical and physicochemical properties of whey. The results are compared with Lievore et al. (2015) and Yasmin et al. (2013) with similar values to those of the present study. The need to use a natural culture medium from whey is an important topic due to its nutritional value, necessary to the B. clausii growth.
Proteolytic activity and soluble peptides
Proteolytic activity of fermented whey by B. clausii strain is shown in Figure 1 . Each microorganism used in food fermentation has different capacities to produce enzymes that hydrolyze proteins in different conditions (Gurung et al., 2013) . In the present research, proteolytic activity varied according to the fermentation days at 25 C with 50 r min À1 of agitation. Seyedeh et al. C for 18 h, with a pH value of 7.0 and 100 r min À1 of agitation obtaining a proteolytic activity of 298 U ml À1 in a Bacillus subtilis HB04 strain using a special culture medium. The authors obtained similar results; however, in our study B. clausii reached the maximum activity (260 U ml À1 ) on the third day of fermentation, using whey as a natural medium. Based on these comparisons, the agitation speed during fermentation and temperature play an important role to obtain proteases. In addition, whey used in this study allows the production of proteases by B. clausii. Soluble peptides quantification is also shown in Figure 1 . It was found that the concentration of soluble peptides increased until the third day of fermentation (2070 mg ml À1 ). This situation suggests a constant production and accumulation of these peptides during this fermentation time, after which, slightly decreases on the fourth day and remains constant until the end of the study (p 0.05). Bacillus can produce alkaline proteases which can participate in the breakdown of proteins (Ibrahim et al., 2015; Kazan et al., 2005) . In this study, an increase in the production of these enzymes is given by an increase in pH value in whey during the fermentation process. This increase of whey pH is highly related to bacteria growth (Figure 2(a) and (b) ).
This mechanism is not well defined; however, this relationship is possibly due to the fact that during fermentation, alkaline proteases are released from the microorganism to break down proteins to obtain peptides or ammonium groups that increase the pH value according to Leejeerajumnean et al. (2000) and Robertsen (2005) . 
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Protein separation by SDS-PAGE Figure 3 shows the electrophoretic profile of fermented whey on day zero (well B) and five (well G). The two low molecular weight bands found in this study correspond to b-lactoglobulin and a-lactalbumin (ALA) according to results obtained by Pessato et al. (2016) who obtained similar bands. During whey fermentation small fragments appear with molecular weights lower than ALA. The third day after fermentation, a band of low molecular weight less than 6 kDa appeared which may be due to the production of some peptides obtained after protein hydrolysis. These data were consistent with earlier results of proteolytic activity and quantification of soluble peptides, wherein the third day of fermentation was the most active. On the other hand, Bressolier et al. (2009) reported the production of the ribosomal peptide clausin produced by B. clausii using a special culture medium. Clausin is a lantibiotic with a molecular weight of 2.1 kDa. In this study, a fragment with a similar molecular weight was found. The bands of low molecular weight ( 6 kDa) disappeared during the fourth and fifth day of fermentation.
In milks fermented with Streptococcus thermophilus and Lactobacillus delbrueckii ssp bulgaricus, the consumption of peptides generated during fermentation is observed according to Beshkova et al. (1998) who reported that after fermentation, about 70% of the amino acids decreased. In this study, peptide decrease was found at the fourth day of fermentation. Therefore, during the first three days of fermentation, the greatest increase of soluble peptides occurred. Amino acid concentration is a result of the balance between proteolysis and assimilation by the microorganism. Since some amino acids or peptides are not required for these processes and are accumulated in the medium compared to the rest of the amino acids, which also be metabolized by bacteria during growth (Leclerc et al., 2002) . Figure 4 shows the antioxidant activity of whey hydrolysates by ABTS and DPPH scavenging radicals at different days of whey fermentation by B. clausii.
Antioxidant activity
Hydrolysates caused an increase of the ABTS radical inhibition on the third day of fermentation. However, there is no significant difference (p 0.05) in this evaluation on the fourth day, and achieving a slight significant decrease (p 0.05) on the fifth day of fermentation. The highest percentage inhibition of the DPPH radical was given on the fourth day of fermentation; however, the activity decrease on the fifth day has a similar percentage of inhibition on the third day with no significant difference (p 0.05). It has been reported that hydrolysates obtained from fermented milks with different strains of Lactobacillus present antioxidant activity, mainly when fragments are obtained between 10 and 3 kDa, concluding that these fractions are responsible for the antioxidant activity of the fermented products evaluated by Aguilar-Toalaé t al. (2017) due to the ability of the hydrolysates to neutralize reactive oxygen species by a direct reduction via electron transfer from the hydrolysate to the free radical, allowing the hydrolysate to remain stable. In our study fragments smaller than 6 kDa were obtained on the second day of fermentation, with higher amounts on the third day (Figure 3) . These results suggest that hydrolysates generated on third and fourth day of fermentation may be accumulated in the whey used as a culture medium, and they can be metabolized by the bacteria on the fifth day of fermentation decreasing slightly the antioxidant activity.
Antimicrobial activity
Fermented whey showed significant differences in antimicrobial activity (p-value < 0.05) between the fermentation days against S. Typhimurium, E. coli, S. flexneri, S. aureus, L. monocytogenes, and E. faecalis (Table 2) . For all microorganisms, the third day of fermentation showed the highest values of the inhibition haloes formation (antimicrobial activity). The highest inhibition halo zones appeared toward E. faecalis, followed by S. aureus and S. flexneri. After the third day of fermentation the antimicrobial activity decreased slightly. The inhibition zone against E. coli decreased to initial level at the fifth day of fermentation. There are studies that evaluated the antimicrobial effect of different peptides against bacteria such as E. faecalis among other gram positive (Chia et al., 2010) . These authors established the mechanisms of peptide binding to different types of bacterial membranes. The authors concluded that the Gram-positive phospholipids contain teichoic acid (a polymer of glycerol phosphate linked to the peptidoglycan), which increase the anionic properties of the bacterial membrane, making it more attractive to cationic peptides.
There reports about antimicrobial activity of B. clausii and the mechanism of action are not well elucidated. However, Urdaci et al. (2004) evaluated the activity of probiotic strains of B. clausii particularly against Gram-positive bacteria such as S. aureus, Enterococcus faecium, and Clostridium difficile. The authors did not identify the compounds responsible for the antimicrobial activity; however, they did not rule out possible polypeptides or lipopeptides, since this type of bacteriocins has been reported in different species of Bacillus.
It was determined that the production of compounds with antimicrobial activity was related to the sporulation process, with a maximum antibiotics production rate of 60% sporulation. Another study by Asha et al. (2008) identified groups of aliphatic amines and amines (C-N) in B. clausii using a FTIR (Fourier transform infrared spectroscopy) analysis. In addition, using the technique of NMR (Nuclear magnetic resonance) spectroscopy they were able to identify the presence of compounds within the amine group, i.e. (R 2 C ¼ N-NH 2 ) compounds. According to the literature, the unique compound reported for this species with antimicrobial activity is clausin, a lantibiotic of 2.1 kDa previously mentioned (Bressolier et al., 2009) .
According to the results obtained in this study, it is clear that there are no reports concerning to antimicrobial activity in fermented food products using a B. clausii like starter strain. Therefore, the work represents the basis for a deeper study of the metabolites produced by B. clausii within a food matrix during a fermentative process for future development of new products.
CONCLUSIONS
Whey fermentation using B. clausii produced hydrolysates and possible peptides during the process, where their maximum antimicrobial activity was shown on the third day. An increase and accumulation of soluble peptides was observed during the first days and then a slight decrease was registered. The pattern of antimicrobial activity observed for B. clausii metabolism could be associated with its proteolytic activity since most antimicrobial activity agrees with the greatest proteolytic activity and the increase of soluble peptides production. This study demonstrated the importance of whey such as culture medium for B. clausii and the production of protein hydrolysates with antimicrobial activity. In this sense, it is necessary to identify and characterize peptides produced during whey fermentation and nutraceutical properties.
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